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DISCLAIMER
ThisreportwaspreparedasanaccountofworksponsoredbyanagencyoftheState
ofTexas.NeithertheStateofTexasnoranyagencythereof,noranyoftheiremployees,
makinganywammty,expressorimplied,orassumesanylegaliabilityofresponsibilityfor
theaccuracy,completeness,orusefulnessofanyinformation,apparatus,product,or
processdisclosed,orrepresentthatitsusewouldnotinfringeprivatelyownedrights.
Referencehereintoanyspecificommercialproduct,process,orservicebytradename,
trademark,manufacture,orotherwise,doesnotnecessarilyconstituteorimplyits
endorsement,recommendation,rfavoringbytheStateofTexasoranyagencythereof.
Theviewsandopinionsofauthorsexpressedhereindonotnecessarilystateorreflect
thoseoftheStateoranyagencythereof.
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EXECUTfVESU~RY
TheLoanSTAR MonitoringandAnalysisGroup,EnergySystemsLaboratoryat
TexasA&M University,wasrequestedbyUniversityofTexasMedicalBranchat
GalvestontoinvestigateO&M measuresintheirfiveLoanSTAR programbuildings.This
reportdescribesthesuggestedO&MsinJohnSealyNorthBuilding,asurgicalbuildingof
54,494ft2,whichcurrentlyspends$502,100peryearonelectricity,steamandchilled
water.ThesuggestedO&Msincludeoptimizingtheoutsideairtreatmentcolddeckreset
schedule,thecolddeckresetscheduleandthehotdeckresetschedule.Theseoptimized
HVAC operationschedulesweredeterminedusingananalysisinvolvingasimplified
HVAC model,whichwascalibratedagainstdailydatameasuredbytheLoanSTAR
program.It isestimatedthatannualsavingsof$67,000,or13%oftheannualcosts,can
berealizedusingtheoptimizedoperationscheduleswhichcanbeimplementedwithout
additionalcosts.Ouranalysisindicatesthatheroomcomfortlevelswill notbedegraded
bythesemeasures.
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POTENTIAL OPERATION ANDMAINTENANCE SAVINGS IN THE JOHN
SEALY NORTH BUILDING AT UTMB
1.INTRODUCTION
TheJohnSealyNorthBuildingisatwo-storystructureattachedtothenorthsideof
JohnSealyHospital.It housestheprimaryoperatingroomsonthesecondfloorand
associatedfacilitiesonthebasefloor.This2-storystructurehasatotalfloorareaof
54,500ft2.Thebuildinghaslight-coloredbrickwallswithwindowarealessthan5%of
wallarea.
Thelighting,peopleandequipmentarethemajorsourcesofinternalgaininthis
building.Lightenergylevelsare3Wife.About10%ofthelightsareincandescent,and
90%arefluorescent.
Fourmajorconstantairvolumesystemsservethisbuildingandakitchenlocatedin
theJohnSealyHospital.Air handlingunit(AHU)211isadualductconstantvolume
(DDCV)systemwithoutdoorairpre-treatedbyairhandlingunit212.Thissystem
suppliesatotalof44,000CFM airtotherustfloorandeastportionofthesecondfloor.
Thereturnairfractionis about50%forthissystem.AHU 210,213,and335aresingle
ductconstantvolume(SDCV)systems.AHU 210and335supplyabout45,600CFM
outdoorairtothesecondfloor.AHU 213provides25,000CFM outdoorairtoakitchen
areawhichislocatedwithintheJohnSealyHospitalBuilding.Hereafter,AHU 211and
212arecalledtheDDCVsystemwhileAHUs210,213and335arecalledtheSDCV
system.Currently,theDDCVsystemhaspre-treatmentsupplyairtemperatureof57of
andsupplyairtemperatureof53oF.TheSDCVsystemshaveanaveragesupplyair
temperatureof53oF. NotethatherearethreeadditionalsmallAHUswhichservetwo
TexasStateEnergyConservationOffice
LoanSTAR MonitoringandAnalysisProgram
EnergySystemsLaboratory
TexasA&M University
------
UTMB O&M Report(JohnSealyNorth),p.2
operatingroomsandthemechanicalroom.However,theyarenotincludedinthisanalysis
duetotheirsmallcapacities.
Hourlybuildingenergyconsumptiondata(electricity,chilledwater,andsteam)was
measuredbytheLoanSTARprogram[1]aswellasbytheEMCSatUTMB.Accordingto
theLoanSTAR measuredresults,thisbuildingconsumed3.64millionkWhofelectricityin
1992.AccordingtoEMCSmeasuredresults,thisbuildingconsumed46,420MMBtuof
chilledwater,and13,000MMBtuofsteamfromJuly 1992toJune1993.Theenergy
consumptioncosts$502,100/yro $9.21/ft2yrusingthefollowingunitprices:
$0.02659/kWh,$7.30IMMBtuforchilledwaterand$5.055IMMBtuforsteam.The
largestenergycostis forchilledwater(67%),followedbyelectricity(19%),andsteam
(13%).
Table1:S f theAnnualE C theJohnSealyNorthBuildi
Figure1showsthemeasureddailyaveragechilledwaterandsteamenergy
consumptionversustheambienttemperature.It showsclearlythatsubstantialmountof
steamisconsumedonveryhotsummerdays,whichindicatesthatsimultaneousheating
andcoolingispresentinthisbuilding.Reducingtheamountofreheatis likelytosave
substantialsteamandchilledwaterenergy.
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Electricity Chilled-water Steam Total
Consumption 3.64MillionkWh 46,420MMBtu 13,135MMBtu
Costs $96,835 $338,866 $66,397 $502,098
%ofTotalCost 19% 67% 13%
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Figure1:MeasuredDailyAverageChilledWaterandSteamEnergyConsumptionvsthe
DailyAverageAmbientTemperature,DataweremeasuredfromDecember,1992to
August,1993
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All theAHUsandtheirassociatedquipmentareunderEMCScontrol,whichiswell
operatedandmaintained.TheEMCSsystemcancontinuouslyregulatethehotdeckand
colddecktemperaturesaccordingtotheambienttemperature.
ThisreportdescribesastudyofpotentialO&M improvementsfortheJohnSealy
NorthbuildingatUTMB.ItbrieflydescribesthemethodologyusedtoidentifyO&M
measuresattheJohnSealyNorthBuilding,presentsasimplifiedHVAC system odel
usedforthepresentO&M analysisandforoptimizingHVAC operation,anddiscussesthe
energyanddollarsavings.
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2.METHODOLOGY
ThemethodologyusedtoexploreO&M opportunitiesisoutlinedbelow:
1.LoanSTARinformationdatabasebrowsing.TheLoanSTARinformationbase
includes:
(i)theLoanSTARDatabase(LSDB),whichcontainscontinuouslymeasured
hourlyenergyandweatherdata;
(ii)thesitedescriptionnotebook(SDN),whichcontainsdetailedinformationon
HVAC systems,lighting,buildingenvelope,andoccupancyscheduleaswellas
theauditreportinformation;
(iii)theInspectionPlotNotebook(IPN),whichcontainsmanytimeseriesand
scaleplotsofallmonitoredchannelsforeachweek;
(iv)theMonthlyEnergyConsumptionReport(MECR),whichreportsenergy
performanceeachmonthandsummarizestheenergyperformancehistory;and
(v)theAnnualEnergyConsumptionReport(AECR),whichsummarizesnergy
performanceoveroneyear.
BrowsingthisinformationbaseledustoidentifythefollowingO&M measures(a)
lightinglevelscouldbereduced,(b)theHVAC systemoperationcouldbeoptimizedby
reducingreheat,and(c)theairflowratescouldbereduced.
2.Sitevisit/systemexamination.Thepurposeofthesitevisitincludes:
(i)contactingpersonnelatthesiteagencyandexchangingopinionsonO&M
potential;
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(ii)verifyinginfonnationfromtheLoanSTAR infonnationbasebywalking
throughthebuildingandmechanicalroomsandtalkingwiththeoperatorand
officepersonnel;
3)examiningthefeasibilityofpotentialO&M measures;
4)exploringnewO&M measures;and
5)collectingsysteminformation,suchascolddeckandhotdecktemperature
schedules,airflowrates,andpossiblenighttimesetback,aswellas
miscellaneousinfonnationfromtheEMCSsystem,suchasmeasurednergy
perfonnance.
UTMB personnelacceptedthesuggestionsofoptimizingHVAC systembutrejected
theoptiontoreducesupplyairflowratebecausetheywereunsureastohowthe
occupantswouldreact.
3.Dataqualitycheck.BeforeusingtheLoanSTAR datatoestimatepotentialO&M
savings,thedatasetiscomparedwithEMCS measureddata.If thetwosetsofdataare
fairlyconsistent,theLoanSTARdatawill beusedintheanalysiswithoutcolTection.If the
LoanSTAR measureddataandEMCSmeasureddataareunacceptablydifferent,he
LoanSTAR datawillbecheckedusingothermethods.Thisdataqualitycheckprovides
reliabledataforthesavingsanalysis.Thedataqualitycheckinthisbuildingindicatesthat
theLoanSTARmeasureddataarereliable(SeeAppendixB).
4.Systemmodelingandcalibration.TheHVAC systemsandthebuildingaremodeled
byasetofequationswhichareprogrammedintoacomputersimulationcode.The
simplifiedcomputermodelusesmeasureddailyaverageambienttemperatureanddew
pointemperaturetopredictdailyaveragechilledwaterandhotwaterenergy
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consumption.Finally,thepredictedenergyconsumptioniscomparedwiththemeasured
consumption.If thepredictedconsumptionmatchesthemeasuredenergyconsumption,
thenthesimplifiedcomputermodelanditsassociatedparameters,suchasairflowrate,
colddeckandhotdecksettings,andinternalgains,areconsideredtoberealisticestimates.
Otherwise,calibrationisrequiredwhichinvolvesadjustingparameterstimatessuchthat
betteragreementwithmonitoredataisachieved.
ThepreliminarymodelanalysishowedthatheEMCS'scolddecksettingishigher
thantheactualvalue.Themeasurementperformedlaterprovedthatheactualcolddeck
settingsinthefourAHUsarelowerthanEMCSsettingsbyI of to6oF.
5.O&M simulation& savingscalculations.Thecolddeckandhotdeckschedulesare
optimizedsuchthatenergyconsumptionisminimizedwhilethefollowingconditionsare
satisfied:
(i)roomtemperatureshouldbeunchanged;
(ii)roomrelativehumidityshouldbelessthan60%;
(iii)theairflowratetoeachroomshouldnotchange;
(iv)themaximumCFM throughthecoldandhotdecksandtheductshouldbe
lessthantheircapacitiesordesignvalues;and
(v)thereshouldbenoextraimplementationcostinvolved.
Energysavingsaretakenasthedifferencebetweenbasemodel(calibratedmodel)
predictedannualenergyconsumptiona dtheoptimizedmodel(optimizedcolddeckand
hotdeckschedule)predictedannualenergyconsumption.
6.Fe~dbackJromUTMB physicalplantpersonnel.UTMB personnelcommentonthe
proposedoptimizedscheduleandprovideinformationnecessarytomodifytheproposed
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schedule.ThesimplifiedmodelsimulationmightsuggestthatsomeoftheEMCS
measuredvaluesareincorrect.Theseparametersarediscussedduringthefeedback
meetingandarejointlymeasuredbybothLoanSTAR andUTMB personnel.
7.Refinementofsimulation& savingscalculations.All thesuggestionsandfmdings
areincorporatedintothesimplifiedmodelandthepotentialsavingsrecalculated.
8.Short-termtestofoptimizedscheduleandimplementation.Thefixedtemperature
settingsforthecolddeckandhotdeckarederivedfromtheoptimizedscheduleunder
certainambienttemperatureconditions.UTMB personneltemporarilydisabletheEMCS
systemandforafewdaysusethesuggestedsettingsinstead.Althoughthistestwouldnot
showthefullpotentialofoptimizedschedulesavings,it providesanopportunityoexpose
hiddenproblems,if any.If therearenoproblemsafterthistest,theoptimizedscheduleis
programmedintotheEMCSsystembytheUTMB staff.
3.SIMPLIFIED MODEL & ITS CALffiRA TION
3.1SimplifiedModelandInputData
TheschematicoftheDDCVsystemandthebuildingisshowninFigure2awherethe
buildingismodeledastwozones:aninteriorzoneandanexteriorzone.Thismodification
isconsistentwithprevioustudies,forexamplethatofKatipamulaandClaridge[2].The
SchematicofSDCVsystemandbuildingisshowninFigure2b,wherethethreeAHUsare
simplifiedasoneandthebuildingisidealizedasonezone.
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Figure2:SchematicofHVAC SystemforJohnSealyNorthBuilding
ThemainequationsofthesimplifiedmodelarepresentedinAppendixA.Thebasic
parametersu edinthemodelarediscussedbelow.
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3.1.1DDCV System:
TheAHU suppliesanairflowrateof44,000CFM tothebuildingwithatotal
outdoorairintakeof22,000CFM.TheEMCSwasprogrammedfor55of astheaverage
pre-treatmentcolddecksupplyairtemperature,55of asthemaincolddecksupplyair
temperature,andarangeof80of to90of rangeforthehotdecksupplyairtemperature
whichwasvariedaccordingtotheambienttemperature.However,theEMCSmeasured
57.7of fortheoutdoorairpre-treatmentcolddeckand53of forthemaincolddeck
duringourvisitonJuly 15,1993.EMCSmeasuredresultshowthathebuildinghasan
averageroomtemperatureofabout72of andreturnairtemperatureof77of aftereturn
fans.
Theinteriorandexteriorzonesaredividedaccordingtothebuildingplan(Figure3).
35%of thetotalarea(39,696ftZ)isclassifiedastheinteriorzoneandtherestofthearea
astheexteriorzonefortheportionservedbytheDDCVsystem.Theinternallightingain
is3W/ft2.Theequipmentheatgainistakenas10%ofthelighting ain.A factorof0.8is
usedtoaccountforlightingandequipmentreductionatnight.Thenumberofpeopleis
estimatedbyassumingonepersonforevery40ft2of floorarea,andthesensibleand
latentloadsduetopeoplearecalculatedbyassumingstandardlossesbynormaloffice
workers[3].
Thebuildingenvelopeareaiscalculatedas 14,600ft2,whichincludes275ftZwindow
areafortheportionseveredbytheDDCVsystem.A heatransfercoefficientof0.2
Btulft2of hrwasassumedforwallsand1.0BtulftZof forwindows
Air infiltrationratesaretakenas0.6ACH (airchangenumberofbuildingvolumein
onehour)fortheexteriorzoneand0.4ACH fortheinteriorzone.
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3.1.2SDCV System:
ThethreeAHUssupply70,000CFM outdoorairtotheoperatingroomsandkitchen
locatedintheJohnSealyHospital.ThethreeAHUsareabouthesamesizewhileEMCS
programedthesupplyairtemperatureas48of (AHU 210),52of (AHU 213)and55of
(AHU 335).Themodelusesatemperatureof53of accordingtotheEMCSmeasured
results.
TheportionservedbytheSDCVsystemsi treatedasonezonewithatotalfloorarea
of35,966ftZandhasatotalenvelopeareaof20,900ftZ(includingawindowareaof 138
ft2).Theinternalgainfromlightingandequipmentistakenas6W/ft2.A factorof0.8is
usedtoaccountforgainreductionatnightThenumberofpeopleisestimatedby
assumingonepersonforevery30ft2of floorarea,andthesensibleandlatentloadsdue
topeoplearecalculatedbyassumingstandardlossesbynormalofficeworkers[3].
A heatransfercoefficientvalueof0.1Btu/ft2of hrwasassumedforwallsand1
Btu/ft2of forwindows.Air infiltrationratesaretakenas0.6ACH (airchangenumberof
buildingvolumeinonehour).Notethatarelativelargerairinfiltrationratehasbeen
chosenbecausethisbuildingisoperatedundernegativepressure.Thedomestichotwater
andothersteamandhotwaterconsumptionareestimatedas0.41MMBtu/hr.
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Figure3:TypicalFloorLayoutofJohnSealySouthBuilding
3.2ModelCalibration
ChilledwaterandsteamdatameasuredbytheLoanSTAR arecomparedwithEMCS
measureddataonadailybasisforamonth.ThecomparisonsshowthatheLoanSTAR
measuredresultsareconsistentwithEMCSmeasuredresults.AppendixB containsfurther
details.
Thechilledwaterandsteamenergyconsumptionwerepredictedwiththesimplified
modelusingthemeasureddailyaveraget mperaturef omDecember1992toAugust
1993.Thepredictedaveragechilledwaterconsumptionwas12%lessthanthemeasured
value,whilethepredictedsteamconsumptionveraperiodfromDecember1992to
August1993wasidentical.Thestandardmeanrootsquarerrorsofthepredictionsare
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1.02MMBtu/hrand0.28MMBtulhrforchilledwaterandsteam,respectively.The
coefficientsofvariationare0.19and0.20forchilledwaterandsteam,respectively.
Figures4and5pennitcomparisonofmeasurednergyconsumptiona dmodel
predictedenergyconsumption.Figure4isascatterplotofconsumptionversus
temperature,whileFigure5showsconsumptioni timeseriesfonD.
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Figure4:ComparisonoftheDailyAverageEnergyConsumptionBetweenModel
PredictedandMeasuredDatafromDecember1992toAugust1993
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Figure4acomparesthemodelpredictedchilledwaterenergyconsumptionwiththe
measuredchilledwaterenergyconsumption.Thehorizontalxisisthedailyaverage
ambienttemperature.Thisfigureshowsthathepredictedconsumptionmatchesthe
measuredvaluesverywellwhenthedailyaverageambienttemperatureishigherthan60°
F.However,themeasuredchilledwaterenergyconsumptionissubstantiallyhigherthan
thepredictedchilledwaterconsumptionwhenthedailyaverageambienttemperatureis
lowerthan60of.Thesedifferencescanbeexplainedasfollows.Whenthedailyaverage
ambienttemperatureislowerthan60of,thedaytimet mperaturemaybehigherthan50o
F andnighttimetemperaturemaybelowerthan50of.Consequently,thepre-heatcoilis
offatdaytimeandisonatnightHowever,themodelassumedthathepre-heatcoilisoff
whenthedailyaverageambienttemperatureishigherthan53oF.Therefore,thepredicted
chilledwaterandsteamconsumptionarelowerthanthemeasuredvalueswhenthe
ambienttemperatureis lowerthan60oF.Thesedifferencescanbereducedbyusinghourly
temperatures.Sincethesedifferenceshavelittleimpactonthesavingestimate,thedaily
averageambienttemperatureisusedinthisanalysis.
Figure4bcomparesthemeasuredsteamconsumptionwiththepredictedsteam
consumption.Therelativelargedifferencebetweenmeasuredandpredictedvaluesareto
benoted.Thereasonsofthesedifferenceshavebeenexplainedabove.
Figure5comparesmeasuredenergyconsumptionwithpredictedenergyconsumption
intimeseries(5aforchilledwaterand5bforsteam).Figure5showsagainthathe
relativelargedifferencesbetweenmeasuredandpredictedvaluesoccurreduringwinter
months(DecembertoMarch)whenthedailyambienttemperatureis lowerthan60of. It
isalsonotedthathemeasuredsteamenergyconsumptionislowerthanthepredicted
valuefromJulytoAugust1993.Thesteamconsumptionislowduetohotdeckbeingshut
off,whilethemodelsimulationassumeshotdecktobeon.
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Figure5:ComparisonsoftheDailyAverageEnergyConsumptioni TimeSerle
Form,DataweremeasuredfromDecember,1992toAugust,1993
Thecalibratedsimplifiedmodelwasusedtocalculateannualenergyconsumption
usingbindataforoutdoortemperature.Lackingmeasuredhourlydrybulbanddewpoint
temperaturesinGalvestonforacompleteyearduring1992-93,themeasuredhourlydata
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fromJuly 1,1992toJune30,1993forHoustonwereusedtogeneratebintemperatures,
asshowninFigure6.Thehorizontalxisisthebintemperature,where24-binswith3 of
widthforeachbinareused.Theverticalaxisshowsthenumberofhoursduringthisyear
foreachbintemperature.ItwasassumedthatGalvestonhasthesameweatherconditions.
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Figure6:HoustonBin TemperatureChartGeneratedUsingLoanSTAR MeasuredHourly
TemperatureDatafromJuly 1,1992toJune30,1993.
Themeancoincidentdewpointemperaturesareplottedasafunctionoftheambient
bintemperatureinFigure7.Thefigureshowsthathedewpointincreaseswiththe
ambienttemperaturewhentheambienttemperatureis lowerthan80of,andremainsmore
orlessaconstantwhentheambienttemperatureishigherthan80OF.Thefixeddewpoint
temperatureindicatesthatheabsolutemoisturecontentdoesnotchangewhenthe
ambienttemperatureishigherthan80OF.Consequently,thesensibleloadincreaseswith
temperaturewhilethelatentloadsdonotchangewhentheambienttemperatureishigher
than80oF.
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Figure7:MeanCoincidentDewPointTemperatureasaFunctionofDryBulb
TemperatureinHoustonforJuly 1,1992throughJune30,1993
Table2summariesthevaluesofthekeyparametersu edinthecalibratedsimplified
modelandthebaselinesettingsoftheEMCSsystem.Themodelassumesthepre-heatcoil
tobecomeactivewhentheambienttemperatureis lowerthan53of,whiletheEMCS
systemstartsit whentheambienttemperatureislowerthan46oF.Thischangewould
reducetheeffectsofdiurnalmayrelievetheimpactofdailytemperaturevariationwhen
thedailyaveraget mperatureisusedinthemodelsimulation.
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Table2: S f theModelCalib .. p terAdiust t
4.OPTIMIZING COLD DECK & HOT DECK SCHEDULES
Thegoalofoptimizingcolddeckandhotdeckschedulesi tominimizetheenergy
consumptionwhilemaintainingcomfortlevelsandavoidingretrofitcosts.Inorderto
maintainindoorcomfortlevels,thefollowingconditionsshouldbesatisfied:1)thecold
decksupplyairtemperatureshouldbelowenoughtomaintaini teriorzonecomfort
conditionduringcoldwinterdays,andthesupplyairtemperatureshouldbelowenoughto
maintainexteriorroomcomfortduringhotsummerdays;2)thehotdecksupplyair
temperatureshouldnotbelowerthan75of duringhotsummerday;3)theroomrelative
humidityshouldbewithintherangeof30%to60%.Inordertoavoidretrofitcosts,the
followingconstraintsareimposed:1)noCFM reductionisallowed;2)airflowrates
throughotandcoldduct')shouldnotexceedesignlimits;and3)nofrequentmanual
operationsshouldbeinvolved.
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Item Schedule(EMS) Schedule(Model)
DDCV
Supplyairflowrate(CFM) 43,900 44,000
Returnairfraction 0.51(Blueprints) 0.51
Pre-colddecktemperatureof 57 57
Main-colddecktemp.of 55 53
Hotdeckof Min(95,85+0.2*(90-TO)) Min(95,85+0.2*(90-TO))
Returnairtemperatureof 77 77
Roomairtemperatureof 72 72
SDCV
CFM 70,680 70,680
Colddecktemperature 53 53
Pre-heatdeck If TO<46then If TO<53then
51 53
else else
off off
Terminalreheat Thermalbalance Thermalbalance
UTMB O&M Report(JohnSealyNorth),p.18
Theoptimizationprocessi culTentlyaniterativeprocess.A bestoperationschedule
isrustchosenbasedonpriorexperience.Then,energy(chilledwaterandsteam)and
mechanicaloperationperformance(airflowthroughcoldandhotducts)arepredicted
usingthesimplifiedmodel.Predictedenergyandmechanicalperformancer sultsare
comparedwiththebestresultsofarobtained,modificationtotheoperationscheduleis
madeandanewsimulationperformed.Thisprocessi repeateduntiltheoperation
scheduleisconsideredoptimalbyO&M staff.
Table3liststhebaseandtheoptimizedoperationschedules.Thebaseandthe
optimizedschedulesarealsoshowninFigure8.Wenotethatheoptimizedschedulehasa
lowerpre-treatmentsupplyairtemperaturebutahighermaincoilsupplyairtemperature
forDDCVsystem.Thischangewillmaintainthedehumidificationcapacityofthesystem
butreducere-heatsubstantially.Theoptimizedoperationscheduleincreasedcolddeck
supplyairtemperaturefortheSDCVsystemstoaccountforthevariationofseasonal
load.
Table3:ComparisonofOperationSchedules
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Item Base Optimized
DDCV
O.A. treatmentcoil If TO>60of then if TO>60of then
57of, Min(57,57-0.125*(TO-60»
else else
Off off
Maincolddeck 53of Min(63,63-0.15*(TO-50»
Hotdeck If TO<80then
Min(95,85+0.2*(90-TO» Min(85,85-0.I25*(TO-40»
Else
off
SDCV
Colddeck 53 Min(55,55-0.05*(TO-60»
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Figure8:BaseandOptimizedCold& HotDeckSchedules
Theoptimizedschedulechangesofcolddecktemperaturewithambienttemperature
canbeperformedbytheEMCSwithoutadditionalexpense.Thehotdecksupplyair
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temperatureis lowercomparedtothebaseschedule.whilestillbeinghighenoughto
satisfyheatingrequirements.
Theoptimizedschedulerequiresthathepre-treatmentcolddecksupplyair
temperatureb lowerthanthemaincolddecksupplyairtemperature.Thisarrangement
removesoneofthetwodutiesofthemaincolddeck:toremovemoistureandtoremove
sensibleheatIf thepre-treatmentcolddeckcanremovenoughmoisture.thenthemain
colddecksupplyairtemperaturecanberegulatedsolelybasedonsensibleload.
Consequently.colddecksupplyairtemperaturecanbeincreased.whichcanresultin
substantialenergysavings.
Theenergyperformanceandmechanicalperformanceundertheoptimizedoperation
schedulearecomparedwiththebaseperformanceinthenextsection.
5.RESULTS AND DISCUSSIONS
Thecalibratedsimplifiedmodelhasbeenusedtocalculatethechilledwater
consumption.steamconsumption.roomrelativehumidity.andairflowratethroughcold
andhotductsateachbintemperatureanditscoincidentdewpointforboththebaseand
optimizedschedules.Theannualenergyconsumptioniscalculatedbysummingthe
productoftheenergyconsumptiona dnumberofhoursateachbintemperature.
Figure9comparestheoptimizedenergyperformancewiththebase nergy
performance.Thehorizontalxisistheambientbintemperature.Theverticalaxisisthe
energyconsumptioni MMBtu/hr.Figure9ashowsresultsforchilledwaterandFigure9b
forsteam.
Figure9showsthatheoptimizedDDCVschedulecanreducechilledwaterenergy
consumptionby0.7MMBtulhrandsteamenergyconsumptionby0.4MMBtu/hr.The
optimizedSDCVsystemschedulecanreducechilledwaterenergyconsumptionby0.3
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MMBtu/hrandsteamenergyconsumptionby0.1MMBtu/hronaveragealthoughthe
savingsistemperatured pendent
7
SDCV-base
6
1 .DDCV-base
- - - - - - - - - - - - - - - - --
- - - - - - - - - - - - - - - - - - - - - - --
5
~ 4
~
::g
::g 3 - - - - - - - - - - - - - - --
2 - - - - - - - - - - - - --
0
28 34 40 46 52 58 64 70
AmbientTemperature(F)
76 82 88 94
(9a:ChilledWater)
0.8
~
DDCV -optimized
0
28 34 40 46 52 58 64 70
AmbientTemperature(F)
76 82 88 94
(9b: Steam)
Figure9:ComparisonofthePredictedChilledWaterandtheSteamEnergyConsumption
UnderBoththeBaseandtheOptimizedOperationSchedules
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Figure10comparesthepredictedroomrelativehumiditylevelsundertheoptimized
scheduleandunderthebaseschedule.Thepredictedroomrelativehumidityunderthe
baseschedulewasconsistentwiththeEMCSmeasuredvalues.TheoptimizedDDCV
schedulemaintainsthecurrentroomrelativehumiditylevels.TheoptimizedSDCV
schedulemayincreaseroomrelativehumiditylevelsby3%.It shouldbepointedoutthat
themodelanalysisdidnotsimulatethehumidifier.Therefore,thelowrelativehumidity
levelsforSDCVconditionedzonedoesnotrepresentrealisticroomrelativehumidity
levelswhentheambienttemperatureislowerthan60oF.
0.6
0.5
- - - - - - - -- - - - - - - - - - - - - - - --
DDCV Zones
s=
~
c
:a
's0
:I:
0);-
.l:Jos
<3
~
0.4
0.3 - - - - - - - - - - - --
0.2
28 34 40 46 52 58 64 70
Ambient Temperature(F)
76 82 88 94
Figure10:ComparisonofthePredictedRoomRelativeHumidityunderBoththeBaseand
theOptimizedOperationSchedules
Figure11comparesthepredictedairflowratesthroughcoldandhotairductsunder
boththebaseandtheoptimizedschedules.Thisfigureshowsthatheoptimizedschedule
canreducehotductairflowsignificantly.However,themaximumairflowratethrough
thecolddeckisonlyslightlyhigherthanthemaximumairflowrateunderthebase
operationschedule.
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Figure11:ComparisonofAir FlowRatesThroughtheColdDeckandtheHotDeck
underBoththeBaseandtheOptimizedSchedules
Thepotentialnnualenergysavingwascalculatedasthedifferenceinenergy
consumptionu derthebaseandoptimizedschedules.TheresultsareshowninFigure12
(12aforDDCVsystemandl2bforSDCVsystems).Thehorizontalxisistheambientbin
temperatureandtheverticalaxisisthepotentialnnualenergysavingsforeachbin.
Theoveralloptimizedenergyperformanceandthepotentialsavingsaresummarized
inTable4.It showsthatheoptimizedDDCVsystemschedulecanreduce:
(i)annualchilledwaterconsumptionfrom38,480MMBtuto31,050MMBtuwitha
savingsof7,430MMBtu/yr(including5,880MMBtu/yrfromDDCVsystemand1,560
fromSDCVsystems);and
(ii)reduceannualsteamenergyconsumptionfrom7,910MMBtuto5,400MMBtu
withasavingsof2,520MMBtu/yr(including1,760MMBtu/yrfromDDCVsystemand
750MMBtu/yrfromSDCVsystems).
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Theseenergysavingsreducetheannualcostby$51,830forchilledwaterand
$15,150forsteam.Thetotalpotentialsavingsare$67,000whichis 13%ofthebuilding
annualenergycost,or 15%ofthechilledwaterandsteamenergycosts.
~
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~
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~
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~100
55
::E
~
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100
0
28 34 40 46 52 58 64 70 76 82 88 94
AmbientTemperature(F)
(12a:DDCV System)
200
150
- - - - - - - - - - - ------- ------
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28 34 40 46 52 58 64 70 76 82 88 94
AmbientTemperature(F)
(12b:SDCV Systems)
Figure12:PredictedPotentialAnnualChilledWaterandtheSteamEnergySavings
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Table4:S f PotentialO&M S . t theJohn SealyNorth Buildi
Note:
Theannualenergycostswere$502,100,whichinclude$96,800electricitycosts(1992,JohnSealySouth,LoanSTARmeasuredenergy
consumptiondata),$338,900chilledwatercosts,and$66,400steamcosts(accordingtoEMCSmeasuredconsumptionfromJuly 1992
toJune1993).
Theenergycostswerecalculatedusingthefollowingunitenergyprices:$0.02679/kWhforelectricity,$7.30/MMBtuforchilledwater
and$5.055/MMBtuforsteam.
TexasStateEnergyConservationOffice
LoanSTAR O&M Program
EnergysystemLaboratory
TexasA&M University
Consumption Savin,gs
Description MMBtu MMBtu Dollars Total
Ch-Water Steam Ch-Water Steam Ch-Water Steam Dollars %
Base 38,480 7,910
OptimizedDDCV 32,600 6,150 5,880 1,760 42,900 8,900 51,800 10%
OptimizedSDCV 36,930 7,160 1,560 750 11,400 3,800 15,100 3%
Total 31,050 5,400 7,430 2,520 54,300 12,700 67,000 13%
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Table5summarizestheenergyindicesoftheJohnSealyNorthbuildingbasedon
grossfloorarea(75,662ft2,whichincludes18,000fe kitchenareainJohnSealy
Hospital).Theoptimizedschedulecanreducechilledwaterconsumptionperunitfloor
areafrom0.510to0.410MMBtu/ft2-yrandreducesteamenergyindexfrom0.105to
0.071MMBtu/ft2-yr.Thepotentialchilledwaterplussteamsavingsare$0.89/ft2-yr.
Table5:S fTh alE Ind.
It shouldbepointedoutthathesimplifiedmodelanalysisdidnotinvestigatehe
potentialsavingsofnighttimesetback.However,itissuggestedthatnighttimesetbackbe
incorporatedintotheoptimizedscheduletoachievextraenergysavings.Thismaybe
donebyincreasingthecolddecksettingby2of overtheoptimizedscheduleormaybe
donebytrialanderrorbytheoperators.
Otheretrofitmeasuresmayalsoexist,suchaseconomizercyclesandreducingair
flowrate.However,theseretrofitmeasuresareoutsidethescopeofthecurrentstudy.
6.CONCLUSIONS
Theannualbuildingenergycostscanbereducedby$67,000(i.e.13%ofthebuilding
annualcost)byusingoptimizedoperationschedules.Theoptimizedoperationschedules,
developedbyminimizingthermalenergyconsumptioninthebuilding,canbeimplemented
bychangingtheEMCSprogram.Theoptimizedoperationschedulesdonotdegradethe
roomcomfortlevels.
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Item Ch-water Steam Savings Savings
MMBtu/ft2yr MMBtu/ft2yr MMBtu/ft2yr Dollar
Base 0.560 0.115 Ch-water Steam Total
Optimized 0.470 0.079 0.090 0.036 $0.84
UTMB O&M Report(JohnSealySouth),p.27
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APPENDIX A: SIMPLIFIED SYSTEM MODELS
TheschematicoftheDDCVsystemandthebuildingisshowninFigureAla where
thebuildingistreatedastwozones:aninteriorzoneandanexteriorzone.This
modificationhasbeenjustifiedbyKatipamulaandClaridge[2].Theschematicofthe
SDCVsystemandthebuildingisshowninFigureAlb, wherethreeAHUsaretreatedas
onesingleAHU andthebuildingisidealizedasanonezonebuilding.
HotDeck
Pre-treatment
ColdDeck
Th
Tc
Pre-heat
ColdDeck
MixingBoxes
InteriorZone ExteriorZone
ReturnAir Fan
(Ala) DDCVSystem
TO
Tc
Pre-heatCoil ColdDeck
TerminalReheat
Building
Exhaust
(A 1b) SDCV System
FigurelA: SchematicofHVAC SystemforJohnSealyNorthBuilding
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DDCV System:
TheOutsideAir treatmentcolddeckisturnedononlywhenambienttemperatureis
higherthan60oF.Thechilledwaterconsumptionfthiscolddeckiscalculatedas:
Epre=mx 10(ho- hpre) +Elan-pre
whereE is thechilledwaterconsumptionofoutsideairtreatmentcolddeck,mispre
thetotalsupplyairmassflowrate,foistheoutdoorairintakefraction,hoistheoutdoor
airspecificenthalpy,hpreisthepre-treatedsupplyairspecificenthalpy,andEfan-preisthe
energyconsumedbythefanattheexitofthepre-treatmentcolddeck.
Thechilledwaterconsumptionfthemaincolddeckiscalculatedbytheformula:
Ee=me(hm- hJ
whereEeisthechilledwaterenergyconsumptionfthemaincolddeck,meis the
massflowratethroughthecolddeck,hmisthespecificairenthalpyattheentranceofthe
colddeck,andheisthecolddecksupplyairspecificenthalpy.
Thesteamenergyconsumptionfthehotdeckiscalculatedbytheformula:
Eh =mhx Cp(Tm- T,,)
whereEhisthesteamenergyconsumptionfthehotdeck,mhis themassairflow
ratethroughthehotdeck,Tmistheairtemperatureattheentranceofthehotdeck,This
thehotdecksupplyairtemperature,andC istheairspecificheatp
Theairspecificenthalpyandtemperatureattheentranceofthecolddeckandhot
deckarecalculatedusingenergybalanceprinciples.
E
hm=10x hpre+(1- 10)x hr+ ~anm
wherehris theairspecificenthalpyafterthereturnair fan,Efanis theenergy
consumptionof thesupplyairfan,andothersymbolsareasdefinedearlier.
Theairtemperatureattheentranceof thecolddeckandhotdeckisalsocalculated
usingenergybalanceprinciples.
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Elan
Tm=f" XTpre+(1- f,,)XT,+~
mxCp
whereTpreisthepre-treatmentcolddecksupplyairtemperature,Tristhereturnair
temperatureafterthereturnfan,andothersymbolsareasdefinedearlier.
Sinceconstantairflowterminalboxesareusedinthisbuilding,theairflowrate
througheachboxshouldnotbechangedregardlessofoperationschedules.Consequently,
thesimplifiedmodelrequiresaconstantairflowratetoeachzone,althoughtheratioof
thecoldairtothehotairchangeswithzoneload,ambientcondition,andthecolddeck
andhotdecksettings.Theairflowratetoeachzoneiscalculatedaccordingtothezone
area.
. ° A
mext=mx~
A
m
o . A-
IDt = m X ---!!!.LA
wheremextandmintaretheairflowratestoexteriorandinteriorzonesrespectively,
AextandAintaretheconditionedfloorareasinexteriorandinteriorzonesrespectively,and
A isthetotalconditionedarea.
Air flowratesthroughcolddeckandhotdeckcanbesolvedthroughthefollowing
energyandmassbalancequations:
me,intx (T,oom-~) +mh,intx (T,oom- T,.)+minI.intx (T,oom- 1:)=~nt
p
me,at x(T,oom- ~)+mh,at x(T,oom- T,.)+minf,at x(T,oom- 1:)=~tP
me = me,int+ me,at
mh = mh,int+ mh,at
mat=me,at+mh.ext
mint= me,int+ mh,int
whereTroomis theroomtemperature,Qintand~xtarethesensibleloadsattheinterior
zoneandexteriorzone,respectively,m . t andm t arethecolddeckairsupplytothec, m c,ex
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interiorandexteriorzones,respectively,mh' t andmh t arethehotdeckairsupplytothe.lD .ex
interiorandexteriorzones,respectively,andmeandmharethecolddeckandhotdeckair
flowrate,respectively.
Theroomairspecifichumiditycanbecalculatedusingthefollowingformula:
0), = W;nt+me.intxO)e +mh.intXO)h +minf,intX 0)0lOt .,.
me.int+mh.int+minf.int
Wexz+me,l'ntxooe+mh,extXO)h +m..nfextX 0)00) = .ext ...
me.ext+mh,ext+minf,ext
whereoointandO)ext,aretheroomairspecifichumidityin theinteriorandexterior
zonesrespectively,W, t andW tarethemoistureproductionsintheinteriorandexteriorw ex.
zonesrespectively,rOcandO)harethespecificmoistureattheexitofcolddeckandhot
deckrespectively,andothersymbolsareasdefmedearlier.
SDCV Systems:
Thepre-heatdeckisturnedononlywhenambienttemperatureislowerthan46oF.
Thesteamconsumptionduetopre-heatingiscalculatedas:
Epre= m x Cp (Tpre- To) - Elan-pre
whereEpreisthesteamconsumptionfpre-heatcoil,m isthetotalsupplyairmass
flowrate,Cpisthespecificheatofair,Toistheoutdoorairtemperature,Tpreisthepre-
heatsupplyairtemperature,andEfan-preistheenergyconsumedbythefan.
Thechilledwaterconsumptionfthemaincolddeckiscalculatedbytheformula:
Ee=m(hm- he)
whereEeisthechilledwaterenergyconsumptionfthemaincolddeck,m is the
massflowrate,hmisthespecificairenthalpyattheentranceofthecolddeck,andheisthe
colddecksupplyairspecificenthalpy.
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Thesteamenergyconsumptionftheterminalre-heatboxiscalculatedbythe
followingformula:
Eh + Qint+ minfCp(1'o- T,.oom)=mc/T,.oom- TJ
whereEhisthesteamenergyconsumptionfthere-heatterminalboxes,M isthe
massairflowrate,T istheroomtemperature,Q. t is thesensibleload,T isthe~m ill 0
outdoortemperature,Minfis theairinfiltrationrate.
Theroomairspecifichumiditycanbecalculatedusingthefollowingformula:
W +mex roc+m..nfx rooro=
me+minf
whereroistheroomairspecifichumidity,W is themoistureproduction,ro isthe. c
specificmoistureattheexitofcolddeck,andothersymbolsareasdefmedearlier.
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APPENDIX B: DATA QUALITY CHECK
Steam:
FigureB1comparesLoanSTARmeasureddailyaveragesteamenergyconsumption
datawithEMCSmeasureddatafromJune16toJuly 14,1993.FigureB1showsthatboth
dataareveryclose.
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FigureB1:ComparisonofLoanSTAR andEMCSmeasuredDailyAverageSteam
ConsumptionfromJune16toJuly 14,1993
ChilledWater:
FigureB2comparesdailyaveragechilledwaterenergyconsumptionmeasuredby
LoanSTARandEMCSfromJune16toJuly 14,1993.Againbothdataareveryclose.
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Figure B2:ComparisonofLoanSTARandEMCSMeasuredDailyAverageChilledWater
ConsumptionfromJune 16toJuly 14,1993
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